INTRODUCTION {#sec1-1}
============

Viruses have long been described as one of the etiologic factors in carcinogenesis. This relationship dates back about a century ago when Rous demonstrated that sarcomas can be caused by viruses.\[[@ref1]\] Ever since, viral oncogenesis has remained an area of interest in cancer biology. Viruses have been great tutors of cancer biology, helping researchers to uncouple many signaling pathways and identifying critical therapeutic targets. With the advent of advanced molecular techniques, more viruses have been attributed to cause neoplasms in humans. As far as the head and neck region is concerned, there is growing evidence in support of the role played by human papillomavirus (HPV) in oral squamous cell carcinoma (OSCC). Though the role of viruses in OSCC is much researched, their role in salivary gland neoplasms is not well established.

On reviewing the literature, there were not many studies that aimed to explore the role of viral oncogenesis in salivary gland neoplasms. The research on human cytomegalovirus (hCMV) was, however, quite intriguing. CMV, a member of the herpes group of viruses, has a tropism for the salivary gland ductal epithelium\[[@ref2]\] and establishes a persistent, lifelong infection following primary exposure. The herpes group of viruses are notorious for their striking ability to induce neoplasia \[Epstein--Barr virus (EBV), Kaposi\'s sarcoma herpesvirus (KHSV)\].\[[@ref3]\] hCMV is also a member of the herpes group of viruses that has been implicated in malignancies of the breast, brain, lung, colon and prostate.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\]

Among the salivary gland neoplasms, mucoepidermoid carcinoma (MEC) is the most common malignant salivary gland neoplasm.\[[@ref13][@ref14]\] Though the etiology of MEC is unknown, researchers have discovered an over-expression of COX-2 and activation of epidermal growth factor receptor (EGFR)/extracellular signal-regulated kinase (ERK) signaling pathway in MEC.\[[@ref13][@ref15][@ref16]\] Interestingly, EGFR has also been reported as a cellular receptor for CMV.\[[@ref17]\] The virus also results in the activation of transcription factors such as cfos/jun, myc, NF-kB, SP-1 and mitogen-activated protein kinase (MAPK) ERK1, ERK2 and p38.\[[@ref18][@ref19][@ref20][@ref21]\] Therefore, considering the facts that CMV is a resident of the salivary gland duct epithelium, that it belongs to the oncogenic herpes group of viruses and employs EGFR as a portal of entry, activates pathways that are activated in MEC, there is a hypothesis that it might play a role in the pathogenesis of MEC. Though, some of the previous studies were unable to isolate the virus in salivary gland neoplasms,\[[@ref22][@ref23]\] recent studies by Jaskoll *et al*\[[@ref24]\] and Melnick *et al*.\[[@ref25][@ref26]\] in mouse models have established that (mCMV)-induced tumorigenesis display histologic and molecular characteristics similar to human mucoepidermoid carcinoma. They also demonstrated the expression of CMV viral antigen and the upregulated COX/AREG/EGFR/ERK oncogenic signaling pathway in human MEC \[[Flowchart 1](#F1){ref-type="fig"}\]. Furthermore, they were also able to demonstrate that the neoplastic phenotype induced by CMV infection was alleviated by the antivirals and small molecule inhibitors of the loop.

![Proposed Model for Carcinogenesis](JOMFP-19-319-g001){#F}

Therefore, with these two different schools of thoughts, the current study was designed as a pilot study to explore the possible role played by this virus in the pathogenesis of MEC in the Indian scenario where 80--90% of the adults are seropositive for CMV.\[[@ref27]\] Active CMV infection is associated with malignancies and pp65 antigenemia is an indication of active replication.\[[@ref28]\] Hence, in the study the expression of pp65 and EGFR in cases of MEC were studied. This might give an insight into the possible causal relationship between CMV and MEC.

MATERIALS AND METHODS {#sec1-2}
=====================

Sample selection {#sec2-1}
----------------

As a pilot study, the study included histopathologically confirmed cases of MEC retrieved from the archives of the department between the year 2011 and 2012. Representative cases with ample tumor tissue for immunohistochemical analysis were chosen for the study. The criteria proposed by Armed Forces Institute of Pathology\[[@ref29]\] was followed for grading the cases of MEC. Out of the 4 selected cases, three were low-grade MEC and one case was a high-grade MEC.

Immunohistochemical analysis {#sec2-2}
----------------------------

For the immunohistochemical study, 3 µm sections were cut from formalin fixed paraffin embedded tumor samples, mounted on gelatin coated slides. The sections were deparaffinized in xylene, dehydrated in alcohol and rinsed in distilled water. Antigen retrieval was performed using heat induced epitope retrieval in citrate buffer (pH 6.0) for 10 min in a pressure cooker. Following which endogenous peroxidase was blocked for 5 min and protein block for 5 min. Section were then incubated with anti-pp65 (NCL-CMVpp65 clone 2 and 6, Leica Microsystems, Newcastle, UK) and anti-EGFR (NCL-EGFR clone 25, Leica Microsystems, Newcastle, UK) at the manufacturer\'s recommended dilution and incubated for 60 min.

Detection was performed using Novolink MinPolymer Detection System (Leica Microsystems, Newcastle, UK). The sections were then counterstained with Mayer\'s hematoxylin. The slides were then dehydrated and mounted. Negative and positive controls were used in each run. Skin sections were used as positive controls for EGFR and CMV lung sections were used as positive control for pp65. Negative controls were achieved by performing the staining procedures with the omission of the primary antibody.

Evaluation of epidermal growth factor receptor expression {#sec2-3}
---------------------------------------------------------

EGFR expression was evaluated using a 4-point scale classification employed by Diniz-Freitas *et al*.\[[@ref30]\] 0, no labeling or labeling in \<10% of tumor cells; 1, weak labeling in \>10 % of tumor cells; 2, moderate labeling in \>10 % of tumor cells; 3, intense labeling in \>10 % of tumor cells.

Evaluation of pp65 expression {#sec2-4}
-----------------------------

pp65 expression was evaluated on the basis of intensity staining in tumor nucleus and cytoplasm. A 4-point scale was noted: 0 - negative staining, 1 - mild positivity, 2 - moderate positivity, 3 - severe positivity.

RESULTS {#sec1-3}
=======

Normal salivary gland tissue is comprised of pale staining mucous acini and associated ducts. MEC is characterized by invasive islands of mucous and epidermoid (squamoid) cells, with or without cyst formation. Mucous cells within tumors vary in size and shape. Epidermoid cells are ovoid to polygonal with intercellular bridges and individual cell keratinization. Low-grade tumors show prominent cyst formation, predominance of mucous cells and minimal cellular atypia. High-grade tumors show little to no cyst formation, predominance of epidermoid and intermediate cells and more frequent cellular atypia \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\].

![Photomicrograph of a case of mucoepidermoid carcinoma (H&E stain, ×100)](JOMFP-19-319-g002){#F1}

![Photomicrograph of a case of clear cell variant of mucoepidermoid carcinoma (H&E stain, ×100)](JOMFP-19-319-g003){#F2}

![Photomicrograph showing a case of mucoepidermoid carcinoma (H&E stain, ×100)](JOMFP-19-319-g004){#F3}

Antibodies against pp65 determine the expression of the delayed hCMV protein in the tumors. pp65 immunostaining was absent (Grade 0) in all four cases of MEC \[[Figure 4](#F4){ref-type="fig"}\] as well as in normal salivary gland tissue. The late viral antigen pp65 expression in the cases of MEC is summarized in [Table 1](#T1){ref-type="table"}.

![Photomicrograph of a case of mucoepidermoid carcinoma showing negative expression of pp65 antigen (IHC stain, ×100)](JOMFP-19-319-g005){#F4}

###### 

pp65 expression in the studied cases of mucoepidermoid carcinoma

![](JOMFP-19-319-g006)

EGFR expression showed a grade 2 labeling index in one case of high-grade MEC \[[Figure 5](#F5){ref-type="fig"}\] but was negative "Grade 0" \[[Figure 6](#F6){ref-type="fig"}\] in the other grades of MEC as well as in the normal salivary gland tissue \[[Figure 7](#F7){ref-type="fig"}\]. The epidermoid cells showed positive staining for EGFR. EGFR expression distributed by histological grade of MEC is summarized in [Table 2](#T2){ref-type="table"}.

![Photomicrograph of a case of high-grade mucoepidermoid carcinoma, the epidermoid cells show membranous epidermal growth factor receptor expression (IHC stain, ×100)](JOMFP-19-319-g007){#F5}

![Photomicrograph of a case of low-grade mucoepidermoid carcinoma showing negative epidermal growth factor receptor expression (IHC stain, ×100)](JOMFP-19-319-g008){#F6}

![Photomicrograph of normal mucous gland acini showing negative epidermal growth factor receptor expression (IHC stain, ×100)](JOMFP-19-319-g009){#F7}
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Epidermal growth factor receptor expression in the studied cases of mucoepidermoid carcinoma
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DISCUSSION {#sec1-4}
==========

This study was designed to identify any possible causal relationship between the hCMV and MEC. The study demonstrated EGFR expression with a grade 2 labeling index in one case of high-grade MEC. The staining was membranous and confined to the epidermoid cells. EGF and EGFR play an important role in growth and differentiation and also in tumorigenesis and progression of malignant disease.\[[@ref31]\] In this study, EGFR expression was studied along with pp65 antigen to correlate a viral induced activation of the pathway. However, considering the negative expression of pp65 antigen in the studied samples, the EGFR expression per se corroborates with that of the previous studies where high grades of MEC was associated with increased EGFR expression.\[[@ref13]\] Moreover, EGFR expression increased with the grade of the tumor.\[[@ref32]\]

Increased expression of EGFR is a marker of poor prognosis and aggressive clinical behavior. Therefore, high-grade MEC being an aggressive tumor with an infiltrative growth pattern, solid areas of epidermoid and intermediate cells, with high mitotic index and anaplasia showed an increased EGFR expression as against the low-grade tumors.

The lack of EGFR expression of low-grade MEC could be due to two reasons: (i) The negative expression might be attributed to the less aggressive nature of low-grade MEC as opposed to its high-grade counterparts. (ii) Although immunohistochemical expression of EGFR was not detected in the cases of low-grade MEC, these cases might still harbor mutations of the EGFR pathway. This discrepancy between EGFR copy number and immunohistochemical detection had been observed in several studies and could be attributed to the posttranslational modification at mRNA level.\[[@ref33]\]

The study could not identify the expression of the late CMV antigen in the samples of MEC. Though these results are in accordance with the works of Atula *et al*.,\[[@ref22]\] Laane *et al*\[[@ref23]\] and Kärjä *et al*.\[[@ref34]\] who were also unable to isolate the CMV DNA in salivary gland neoplasm samples, there needs to be a caveat in interpreting these results, especially considering the works of some researchers.\[[@ref24][@ref25][@ref26]\] These authors through a series of studies have addressed the criteria that associate viruses and cancer. They have demonstrated that hCMV is present in most cases of human MEC and that only the neoplastic tissue harbors CMV. They have also demonstrated CMV-specific gene expression at the subcellular level and the correlation of CMV infection with an upregulated oncogenic signaling pathway. Moreover, they also demonstrated that purified CMV induces malignant transformation (MEC) in salivary gland cells in an *in vitro* animal model and utilizes a pathogenetic pathway similar to hCMV-induced MEC. These important findings cannot be ruled out though there are conflicting data to these results.

The lack of pp65 expression in the studied samples can be attributed to many reasons. Though the minimal sample size, the variation in the population and to methodological differences, the wider perspective here is the difficulty in isolation of CMV in human neoplasms. CMV isolation in tissues is quite challenging.\[[@ref35][@ref36]\] Moreover, studies have also observed that IE1 is more ubiquitously expressed in neural tissue than pp65.\[[@ref37]\] Even in neural tumors, where CMV is believed to play an oncogenic role, some research groups were unable to identify the CMV.\[[@ref38][@ref39]\] Therefore, the lack of pp65 expression in the current study might also be attributed to methodologic differences and the requirement of sensitive and optimized protocols to detect the very low levels of CMV that is likely to be present within the tumor. Also, in the majority of cancers caused by viral infections, the viral DNA is present in very small copy number, usually \< 1 DNA copy per 10 tumor cells.\[[@ref40]\] This might also explain the negative expression of pp65 in the studied samples.

Though, few studies\[[@ref24][@ref25][@ref26]\] have appreciably fulfilled the stringent Koch\'s Postulates, these criteria are not always fulfilled in virally induced tumors.\[[@ref41]\] In addition to the viral agent, there are multiple factors that orchestrate carcinogenesis. Therefore, microbial genomes within cancer cells are often altered such that viable infectious pathogens are not recoverable from tumor cells.\[[@ref40]\] Putting it altogether, the lack of viral expression in the current study might be attributed to the low copy number of the virus, the sensitivity of the technique employed, the alteration of the microbial genome and also the limited sample size.

The study was designed to test if CMV had a possible causal relationship in MEC. Though there was EGFR expression in a case of MEC, the possible viral etiology for its activation remains elusive owing to the negative expression of pp65. Though this might appear to negate the role of CMV in the pathogenesis of MEC, the challenges encountered in isolation or demonstration of the CMV viral antigen also need to be taken into consideration.

A variation in the study population is also a factor that has to be taken into consideration. Therefore, before ruling out a viral induced oncogenesis in MEC, multiple studies involving a combination of sensitized and optimized advanced molecular techniques are necessary. Yet, another avenue that could be explored to identify the viral antigen is the tumor microenvironment. In case, MEC did have a viral etiology, the tumor-associated macrophages would then express preferential viral antigens as in other CMV-induced tumors.\[[@ref42]\]

Therefore, the main challenges in this research are improvised techniques to isolate the viral antigen from the neoplastic tissue, ability to replicate the results. This is mandatory to establish a viral etiology. This was also a major challenge even in neuro-oncology, where continued research has successfully established a viral-induced oncogenesis and development of therapeutic targets. Therefore, if proven, it would provide multiple areas of research, including the pathways involved, the viral load in the neoplastic patients, the immunosuppressive role of the virus and possibly multiple therapeutic targets that can be exploited in order to provide quality patient care and a better prognosis in these patients.
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